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Introduction

In 2003, twenty-nine boreholes were drilled into the prospective route for Southeastern
Idaho’s Highway 20/26/93. Rock cores were collected from these boreholes in order to
determine ground stability prior to emplacement of a new section of highway. Ruen drilling
extracted the basaltic cores along a two mile stretch reaching depths below the surface of up to
six meters. Although the purpose of drilling these cores was to improve highway routes,
geologists at Craters of the Moon National Monument have also taken advantage of this
opportunity to learn more about the lava beneath their feet and incorporate this new information
with their knowledge of the surface.

Location

The cores were drilled approximately six miles southwest of the entrance to Craters of the
Moon National Monument and Preserve along the current trace of Highway 20/26/93 (Figure 1).
Below the map is an inset of the improved section of highway with borehole locations for each
core sample shown (Figure 1a). Specific locations for individual bore holes are listed later in the
report under their borehole number.

Background

The twenty-nine cores were mainly collected from a single basalt flow and contain minor
amounts of soil and old road embankment. The lava flow that comprises the majority of the core
is part of the Grassy Cone flow. This surface- and tube-fed pahoehoe flow erupted from Grassy
Cone approximately 7300 years ago. The lava that originated from Grassy Cone, north of what is
now Highway 20/26/93 flowed north abutting the high peaks of the Pioneer Mountains as well as
flowing south as far as 11.5 miles. A second, older flow may also be present within two of the
deeper cores. Evidence for the presence of a second flow is the transitional contact between
massive basalt with few vesicles to basalt with a pahoehoe texture. Evidence suggests that the
older flow may be the pahoehoe textured Sunset Cone flow, which erupted from Sunset Cone
directly to the northeast of Grassy Cone approximately 12,000 years ago. Based on age and
location the other possible identity for the second flow could be the Carey ‘a‘a flow. This seems
unlikely however, due to the difference in flow characteristics, the Carey flow exhibits a blocky,
‘a‘a texture, while the flow at the base of the boreholes had a ropey, pahoehoe texture. The

remaining lava flows in the vicinity of the boreholes are all younger than the Grassy Cone flow
and therefore are ruled out as possible candidates for the second, deeper unit. Figure two shows
a geologic map of the lava flows surrounding the two mile section of highway sampled by the
boreholes. Details on the age, lava type, and source for each flow are listed below in Table 1
(Kuntz and others, 1986).



Table 1. Characteristics of lava flows in close proximity to boreholes. Absolute ages (7,360 + 60) were determined using radiocarbon dating, while
relative ages (~) are based upon paleomagnetic and stratigraphic evidence. (modified from Kuntz and others, 1986)

Flow Flow Nomenclature Predominant Lava Age (years ago) Eruptive Source Vents Estimated Average Estimated
Type Period Area (km?) | Thickness Volume
(m) (km’)
Blue Dragon Qfa2p pahoehoe 2,076 £45 A Eruptive Fissures S. of Big 280 12 3.4
Craters
Highway Qfa8b a’a ~2,250 A North Craters Cinder Cone 1.5 20 0.03
(?) or vent between Grassy
and Sunset cones (?)
North Crater QfaS5p pahoehoe ~ 2,300 A North Crater Cinder Cone L5 5 0.01
Big Craters QfaSp pahoehoe 2,400 £+ 300 A Eruptive Fissures N. of Big 9 5 0.05
Craters
Silent Cone Qfdlp pahoehoe ~ 6,450 D Silent Cone Cinder Cone 9 15 0.1
Grassy Cone Qfelp pahoehoe 7,360 £ 60 E Grassy Cone Cinder Cone 120 10 1.2
Carey Qfg2a a’a ~ 12,000 G Sunset Cone Cinder Cone 230 12 2.8
Sunset Qfglp pahoehoe 12,010 + 120 G Sunset Cone Cinder Cone 100 10 1.0
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Figure 1 (above): Boundary map of Craters of
the Moon National Monument and Preserve.
Background image is composed of stitched
aerial photos from the National Agricultural
Imagery Program. Rock Cores were taken
from boreholes driled along the orange
section of [daho Highway 20/26/93 displayed
in red. The entrance to the park and Visitor's
Center is marked by the blue star.

Figure 1a (leff): Inset of Figure 1, showing
specific locations for individual boreholes.




Figure 2: Geologic map of the lava flows in the northwestern segment of Craters of the Moon National
Monument and Preserve. Rock cores mainly contain basalt from the Grassy Cone Flow, but also possibly
contain small amounts of the Sunset Flow. For overview of flows see Table 1. (modified from Kuniz et al,

2007)




Fence Diagram comparing the 29 rock cores

Figure 3: Fence diagram displaying all 29 cores from the Tom Cat Hill, East project, shows relationship between boreholes based on their elevation and location along
Highway 20/26/93. Depth from surface is a relative scale. Legend is located in Table 2.




Term

Definition / Description

Picture

Massive Basalt

A basaltic rock with homogeneous texture, lacks
flow layering and foliation, but may contain few
vesicles

Vesicular Basalt

A textural characteristic of a basaltic rock that
contains glassy cavities created by the release of gas
or steam

Weathered Basalt

A basaltic rock that underwent the destructive
processes of the atmosphere and its agents causing
the breakdown of the rock

Soil Unconsolidated material above the bedrock
Roadway Pile of rock or soil as well as pieces of the basaltic
Embankment bedrock that was built up to support the old highway

of Basalt & Soil
& Clay

route

Void Section of the core that is incomplete or missing
T
)
>
LS Slightly Vesicular | A rock containing a small number of vesicles (gas
bubbles)
L )
®
(5 Highly Vesicular | A rock containing a significant number of vesicles,
5 ) which are most often concentrated near the surface
.. o of the flow
0(. Transition: Within a single lava flow the abundance of vesicles
Slightly to Highly | tends to decrease with increasing distance from flow
© Vesicular margins
®
. ® Oxidized Vesicles | Vesicles which contain minerals that chemically
° combined with oxygen leaving a reddish stain on
° the rocks
» 0
Ropey A low viscosity basalt flow that has a texture
% resembling ropes (also known as pahoehoe)
Root The part of plants that extracts nutrients from soil




Joints: Parting in the rock where no displacement has
/ 90°, 80°,70°, occurred, but a loss of cohesion chemically, which
45°, & 20° can occur at various angles
Joint: Within some of the rock partings soil and
/ filled with soil sometimes roots were found

Core Sample

Borehole of

) selected core Table 2. Legend explaining symbols and defining terms for
Figure 3 and individual core diagrams below. Sizes of
Highway 20/26/93 vesicles in the diagram are relative to actual size of

vesicles within the rock cores. (Winters, 2001), (Bates, 1984)
Depth

‘| 3 m from surface

Core Sample Descriptions

Each core that was drilled from the Tom Cat Hill, East project was originally described
by Shawn Enright. His boring logs show the subsurface conditions at the locations and times the
borings were drilled (Enright, 2004). From his descriptions, as well as our own we created a
diagram of each core sample to show the lava features in detail (Figure 3). The legend explaining
the symbols and defining the terminology is located in Table 2. The top of each diagram
represents the surface level at that location. For each core the depth is calculated by setting the
surface level to zero and then measuring from this point down in meters. All measurements are
labeled in meters including borehole collar elevations (1 meter = 3.28 feet). The cores are
spatially ordered with BH-29 (followed by BH-1, BH-2,...) starting in the southwest and ending
with BH-28 in the northeast (Figure 3).




BH-29

With a starting
elevation of
1763.22
meters, core
sample 29 was
drilled to a
total depth of
3.05 meters.
From the
surface to 1.22
meters of
depth, this
section of the
core is highly vesicular basalt with a joint at
0.46 meters. At 1.22 meters down to 3.05
meters the core develops into massive basalt
with few large vesicles. Sample P901 was
pulled from the core at a depth of 1.98 to 2.13
meters.




BH-1

With a surface
elevation of
1761.13
meters, core
sample 1 was
drilled to a
total depth of
5.03 meters.
The first 2.44
meters are
highly
vesicular
basalt with
weathered joints that are roughly 80 degrees.
The rest of the core to its final depth of 5.03
meters is comprised of massive basalt with few
vesicles.




BH-2

With a surface
elevation of
1764.78
meters, core
sample 2 was
drilled to a
total depth of
4.72 meters.
From the
surface to 1.83
meters the
basalt was
highly
vesicular, with a transition to massive basalt
with fewer vesicles. The core remained massive
to its total depth of 4.72 meters. A sample, P902
was removed from 2.31 to 2.46 meters. Also,
there is a void of roughly .150 millimeters at the
depth of 3.51
meters.




BH-3

With a surface
elevation of
1765.08
meters, core
sample 3 was
drilled to a
total depth of
6.10 meters.
Highly
weathered
basalt
comprises the
first .31 meters
from the surface then transitions into more
massive basalt with larger vesicles down to 1.52
meters of depth. From 1.52 meters down to the
final depth of 6.10 meters, it becomes slightly
more vesicular. At 2.9 meters, begins a zone of
broken up core and at 4.27 meters as well as
5.79 meters there
are joints of 70
degrees. Sample
P903 was removed
from 3.81 to 3.96
meters.

6.10m



BH-4

With a surface
elevation of
1765.56
meters, core
sample 4 was
drilled to a
total depth of
4.57 meters.
The core
transitions
from highly
vesicular to
massive as it
increases with depth. Beginning at the surface to
0.91 meters the basalt is highly vesicular. From
0.91 meters to 1.52 meters to basalt becomes
more massive with larger vesicles. At 1.52
meters the basalt becomes notably more
massive due to the decrease in vesicle
abundance, although less abundant the size of
the vesicles begins to increase in size with
depth. This pattern continues until 3.35 meters
in depth where it
is massive down
to the core’s
total depth of
4.57 meters.
Sample P904
was removed
from 3.66 meters
to 3.81 meters.




BH-5

With a surface
elevation of
1766.17 meters,
core sample 5
was drilled to a
total depth of
5.03 meters.
Weathered basalt
and soil make up
the first 0.2
meters of this
core. From 0.2 to
0.76 meters the basalt is highly vesicular. From
0.76 to 1.98 meters it becomes slightly
weathered. Sample P905 was taken from this
zone of slightly weathered basalt from 1.12
meters down
to 1.27
meters. At
1.98 meters
the basalt is
not weathered
and slightly
vesicular. The
basalt is
massive
below 3.51
meters with

joints of 70
degrees from
4.27 meters to
the base of the
core at 5.03
meters.




BH-6

With a surface
elevation of
1766.45 meters,
core sample 6
was drilled to a
total depth of
4.75 meters.
From the surface
to 0.15 meters,
the core consists
of loose rock and
soil, below
which it

becomes highly vesicular basalt. The basalt
remains highly vesiculated down to 1.22 meters
at which point the abundance of vesicles
decrease. At 2.29 meters the core transitions to

massive basalt
which
continues to
the bottom of
the borehole at
a depth of 4.75
meters.




BH-7

With a surface
elevation of
1766.44 meters,
core 7 was drilled
to a total depth of
4.57 meters. The
first 0.13 meters
were comprised
of loose rock and
soil, from there
the basalt was
highly vesicular
with joints of 70 degrees down to 0.91 meters.
Subsequently, the basalt became less vesicular
down to 1.52 meters where the basalt
transitioned to a more massive unit with fewer
vesicles; the basalt remained this way to the
bottom of
the hole at
4.57 meters.
Noted was a
small void
from 4.27 to
4.41 meters.




BH-8

With a surface
elevation of
1766.36 meters,
core 8 was
drilled to a total
depth of 3.15
meters. Loose
rock and soil
comprised the
first 0.47 meters.
Below the loose
rock and soil
highly vesicular basalt was present down to 1.52
meters. Between 0.89 meters to 1.04 meters
down sample P906 was pulled from the core. At
1.52 meters the basalt becomes massive and
stays this way to the bottom of the hole. Joints
at 45 degrees occur both at 1.67 meters and
again at 2.64
meters.




BH-9

With a surface
elevation of
1766.45 meters,
core 9 was drilled
to a total depth of
2.44 meters. The
first 0.46 meters
was dominated by
loose rock and
soil, followed by
highly vesiculated
basalt down to
0.76 meters. From this point the core transitions
to a more massive texture and is significantly
jointed. The joints have angles of 90 degrees
between 0.76 to 1.83 meters and 70 degrees
from 2.06 to the bottom of the hole at 2.44
meters.




BH-10

With a surface
elevation of
1766.41 meters,
core 10 was
drilled to a total
depth of 2.44
meters. From the
surface to the
depth of 0.3
meters, the core
consists of loose
rock and soil,
followed by highly vesicular basalt down to
1.52 meters. In this section of the core the
vesicles were red due to oxidation of the iron
minerals within the rock. At 1.52 meters the
basalt transitions from vesicular to more
massive. The basalt remains massive to the
base of the hole at 2.44 meters.




BH-11

With a surface
elevation of
1766.09 meters,
core 11 was
drilled to a total
depth of 4.57
meters. Loose
rock and soil is
present from the
surface to 0.20
meters in depth.
Highly vesicular
basalt is found from 0.20 to 1.52 meters, where
the vesicles begin to decrease in size with depth.
In a transitional zone between 1.52 to 3.05
meters, the core becomes less vesicular and
more massive. At 3.05 meters the basalt is
completely massive with 70 degree joints at
3.96 meters and 4.27 meters. The basalt remains
massive to the base of the hole.




BH-12

With a surface
elevation of
1766.43 meters,
core 12 was
drilled to a total
depth of 4.57
meters. Highly
vesicular basalt is
found within the
first section of
this core from the
surface down to
1.83 meters. There is a zone of jointing between
1.52 to 1.83 meters. Just above 1.52 meters
there is one 90 degree joint, while within the
zone of jointing, the joints occur at 45 and 70
degree angles. From 1.83 meters to the base of
the hole the core is massive, and contains a
mineralized
void at 2.44
to 2.59
meters.




BH-13

With a surface
elevation of
1766.33 meters,
core 13 was
drilled to a total
depth of 3.05
meters. The top
0.15 meters of
the core consists
of loose rock
and soil. From
0.15t0 0.3
meters vesicular basalt is present without any
evidence of soil. At 0.3 meters there is a soil
filled joint where slightly vesiculated basalt
begins and continues to the base of the hole.
There are four joints, all at 70 degrees,
occurring at
1.67,2.13,
2.29, and 2.74
meters.




BH-14

With a surface
elevation of
1766.85 meters,
core 14 was
drilled to a total
depth of 3.05
meters. This top
of this core down
to 0.61 meters
consists of highly
vesicular basalt.
Massive basalt
follows and continues to the bottom of the hole.
One joint is present at 1.07 meters.




BH-15

With a surface
elevation of
1767.55 meters,
core 15 was
drilled to a total
depth of 2.44
meters. Similar
to BH-14, the
first 0.61 meters
is highly
vesicular, but
this core is also
slightly weathered. At 0.61 meters, the core
transitions to massive basalt with numerous
joints. The joints are at 45 degree angles at
1.68, 1.83, and 1.93 meters. The basalt
continues to be massive to the bottom of the
hole.




BH-16

With a surface
elevation of
1767.72 meters,
core 16 was
drilled to a total
depth of 2.13
meters. The core
contains some
loose rock and
soil down to 0.2
meters. Then the
core changes
abruptly to highly vesicular basalt. At 1.07
meters, the core transitions to massive basalt,
which continues to the bottom of the hole. There
is one vertical joint at 1.9 meters.




BH-17

With a
surface
elevation
of 1768.47
meters,
core 17
was drilled
to a total
depth of
2.44
meters. The
core
contains weathered basalt with clay down to
0.31 meters, where it changes to highly
vesicular basalt that continues to 1.21 meters. A
small transition to slightly vesicular basalt is
marked by a clay-filled joint at 1.21 meters. The
zone of vesiculation ends at 1.52 meters where
the basalt becomes massive and remains so to
the bottom of the hole. There is one joint at
1.98 meters.




BH-18

With a surface
elevation of
1780.23 meters,
core 18 was
drilled to a total
depth of 4.57
meters. Highly
weathered,
vesicular basalt is
found in the first
0.61 meters of
core. The next
section of basalt is massive with vesicular zones
150 to 200 millimeters thick. The section ends
at 1.99 meters where the basalt remains massive
to the base of the hole. There are joints at 3.05
and 4.27 meters.




BH-19

With a surface
elevation of
1780.49 meters,
core 19 was
drilled to a total
depth of 3.05
meters. The first
part of the core
which
incorporates the
surface down to
1.52 meters
contains highly vesicular basalt with a small
broken zone between 0.61 to 0.76 meters.
Within the broken zone the vesicles are red due
to oxidization. The rest of the core from 1.52
meters down to the bottom of the hole is
massive with two small voids about 75
millimeters wide
between 2.74 and
3.05 meters.




BH-20

With a surface
elevation of
1780.59 meters,
core 20 was
drilled to a total
depth of 4.57
meters. Loose
rock and soil is
present at the top
of the core and
ends at 0.15
meters. The next
section is highly vesiculated basalt down to 0.61
meters with small joints at 70 degrees. There is
a tiny section of ropy vesicular basalt between
0.61 and 0.76 meters. It is vesicular down to
1.23 meters, where there is another small
section of ropy vesicular basalt down to 1.38
meters. Down to 1.98 meters the core is highly
vesicular. From 1.98 meters to the bottom of
the hole the
basalt is massive.




BH-21

With a surface
elevation of
1780.59 meters,
core 21 was
drilled to a total
depth of 3.05
meters. Loose
rock and soil is
only present for
the first 0.1 meter
of the core. At
this point there is
a transition from loose rock and soil to highly
vesicular basalt which continues to 0.91 meters
with two 70 degree joints at 0.30 meters and
0.91 meters. Small interlayers of vesiculated
and non-vesiculated basalt extend down to 1.39
meters. From 1.39 meters to the base of the
core the basalt is massive. One 45 degree joint
is present at 1.66 meters.




BH-22

With a surface
elevation of
1780.93 meters,
core 22 was
drilled to a total
depth of 3.05
meters. From the
surface to 1.22
meters this core is
highly vesicular
with three joints
present at various
angles (0.15, 0.61, and 1.22 meters). The
deepest part of the core is massive with vertical
joints from 2.13 meters to the base of the hole.
Roots were found within the vertical joints.




BH-23

With a surface
elevation of
1780.95 meters,
core 23 was
drilled to a total
depth of 3.20
meters. Highly
vesicular basalt is
found in the first
1.68 meters.
Ropey texture
was present in
two places one at 0.46 meters and the other at
1.07 meters. Sample P908 was taken from this
first section. At 1.6 meters the core becomes
massive with few vesicles and remains this way
to the bottom of the hole.

1.68m




BH-24

With a surface
elevation of
1780.95 meters,
core 24 was
drilled to a total
depth of 3.05
meters. From the
surface to 0.61
meters, loose rock
and soil is
present. Below
0.61 meters the
basalt is highly vesiculated and contains joints
at angles of 90 and 45 degrees between 1.22 and
1.52 meters. Below 1.52 meters the core
transitions to a massive basalt and has some 70
degree joints between 1.52 and 1.67 meters.




BH-25

With a surface
elevation of
1780.79 meters,
core 25 was
drilled to a total
depth of 3.05
meters. Core is
highly vesiculated
with vesicle size
increasing with
depth down to 0.9
meters. At 0.9
meters the basalt becomes more massive with a
slightly vesicular section between 1.37 to 1.52
meters. Below 1.52 meters the core becomes
highly vesicular down to 2.44 meters. At this
depth the core transitions back to massive basalt
and stays this way to the base of the hole.
Within the deepest section of massive basalt
there is a void between 2.74 and 2.89 meters.




BH-26

With a surface
elevation of
1784.00 meters,
core 26 was
drilled to a total
depth of 6.10
meters. The top
0.18 meters of the
core is loose rock
and soil. Below
0.2 meters the
core transitions to
highly vesiculated basalt and then again to
massive basalt at about 2 meters and remains
massive until near the bottom of the borehole.
From 5.94 to 6.10 meters the core exhibits a
ropey/pahoehoe texture. Jointing at 45 and 70
degree angles is
found between 3.51
and 5.64 meters.
Sample P909 was
removed from 4.42
to 4.57 meters.




BH-27

With a surface
elevation of
1784.28 meters,
core 27 was
drilled to a total
depth of 6.10
meters. From the
surface to 0.51
meters roadway
embankment was
found. A thin
layer (100
millimeters) of highly weathered clay and rock
follows. Highly vesiculated basalt lies beneath
the clay and rock, continuing down to 2.29
meters. There are three joints, one at 1.83, 2.13,
and 2.74 meters. At 3.05 meters the core
changes from vesicular to massive and contains
joints at 20 degree angles at 3.20, 3.89, and 4.27
meters. There is also a 45 degree joint at 4.04
meters. At 5.41 meters there is a clear contact
from massive basalt to basalt with a
ropey/pahoehoe texture.




BH-28

With an elevation
of 1783.93
meters, core 28
was drilled to a
total depth of 6.71
meters. Roadway
embankment
makes up the
majority of this
core. From 4.6 to
5.8 meters the
core contains
highly vesiculated basalt. The bottom of the
core, from 5.79 to 6.71 meters is a void. This
void could be the result of either a lava tube or a
section of non-recovery during the drilling
process. The field log boring report does not
explain the significance of this void.




Discussion

Creating a fence diagram from the borehole data allowed us to achieve a better
understanding of the lava flows (Figure 3). The Tom Cat Hill, East cores, display many features
that would not have been observed otherwise. We know from previous geologic mapping in the
area (Kuntz et al, 1986) that the surface flow sampled by the boreholes is the Grassy Cone flow.
With the addition of the core data we can not only map lateral variations in the Grassy Cone
flow, but also vertical variations within the flow.

Ideally, thicker lava flows can be separated into four sections: vesicular flow top, upper
colonnade, entablature, and lower colonnade. The vesicular flow top is the surface layer of the
lava flow that due to rapid cooling exhibits an abundance of vesicles. The second section, being
farther from the surface will cool at a slower rate and therefore form cooling joints termed
columnar jointing. Within a flow unit these reasonably straight columns of rock are called
colonnades. They form below the vesicular top as well as at the base of the flow due to the
similar cooling properties at each location. In the middle of a flow, cooling occurs at a much
slower rate and instead of straight vertical columns, the columns become more hectic and
protrude in several directions, this pattern is known as entablature. In a single lava flow these
sections can repeat and/or be missing, pending on the properties of the lava and the surface it is
flowing over (Winter, 2001).

One of the most important characteristics in determining the nature of a flow is its
viscosity. Viscosity is a measure of a material’s resistance to flow, the lower the viscosity the
easier a material will flow (ex: water has a lower viscosity than honey). A ropy, pahoehoe
texture is the result of lava with a low viscosity, while blocky, ‘a‘a texture owes its formation to

lava with a higher viscosity. Two key factors affect the viscosity of a flow, first the original gas
content of the magma and second the temperature of the flow. Magma with higher gas content
will erupt lava with higher viscosity. As lava cools the viscosity increases, therefore flows that
originate as pahochoe can evolve into the opposite end-member ‘a‘a. Ropy and blocky textures

are usually observed on the surface where the flow cools quickly. However, it is possible to see

these textures within a flow as well (e.g. BH-23). Unlike BH-23, in BH-26 and -27 ropy texture

is found at greater depths and follows a significant portion of massive basalt. In these two cores

the ropy texture may be indicative of the top of a new flow. As discussed above this unit may be
the Sunset Cone pahoehoe flow due to its relative age and texture.

Vesicles are most abundant in the upper section of lava flows due to gases escaping as the
flow cools. Often these vesicles are oxidized turning them a deep red (BH-10). The density and
size of vesicles generally decrease with increased distance from the edge of a flow becoming
more massive in the center (BH-7). Repeating sections of vesicular to massive basalt also occur
frequently in these cores. The reason for this repetition may be due to the fact that the cores
were taken from the edge of the lava flow (BH-25).

As mentioned above cooling joints often occur within basalt flows. Cooling joints occur
when the rock loses cohesion while solidifying. These joints create the column pattern within the



colonnade and entablature divisions. Most of the jointing appears to occur within the massive
sections of the core samples; nevertheless the joints are also present within the vesicular zones as
well (BH-12). In a few of the upper vesiculated zones joints were filled with soil and roots (BH-
13). We also unexpectedly found soil and roots within the massive zone at greater depths (BH-
22).

At the surface of lava flows often soil is present and in this case old road embankment as
well (BH-8, BH-28). These materials hinder our view of the lava flows beneath. Studying rock
core allows us to see past these obstructions and obtain three dimensional views of the flow.
With this information we can not only determine the thickness of a flow, but how it varies
throughout that thickness.

Cataloged cores are available for donation to schools or other educational institutions. If
interested please contact Doug Owen via email: Doug Owen@nps.gov or phone:
(208) 527-1331.
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